Introduction
Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) are unwanted by-products in a variety of industrial and thermal processes. These two classes of lipophilic and persistent contaminants have been present in the environment for a long time. They were not only identified in historical soil and herb samples collected in England from 1840 until the present (1), they were even determined in soil samples from a Roman brickworks along the Lower Rhine near Dormagen (2) , dating back to about 50 B.C. However, their levels in the environment increased significantly with the beginning of the industrial chlorine industry in this century. Because of their many sources, PCDDs and PCDFs are ubiquitously distributed. The degree of chlorination of the tricyclic components varies between 1 and 8 atoms per molecule. The overall number of dioxins and furans is 75 and 135, respectively.
In humans, only the isomeres with 2,3,7,8-substitution are found, totaling seven dioxins and 10 furans. Humans may become contaminated with PCDD/PCDF through environmental (background), occupational, or accidental exposure. In this overview only environmental exposure will be discussed.
It is generally agreed that for the normal population, food represents the main route of environmental exposure to PCDDs/PCDFs. Usually more than 90% of the total daily intake of these contaminants derives from food.
In contrast, exposure via other routes, such as inhalation and ingestion of particles from air, ingestion of contaminated soil, and dermal absorption, normally contributes less than 10% of daily intake. Because humans are at the high end of the food chain, it becomes obvious that human tissue may contain relatively high amounts of xenobiotics such as PCDDs/PCDFs. Because of the lipophilic nature of these two classes of environmental contaminants, foodstuffs of animal origin are of special importance.
Such surveys performed in Canada, Germany, the United States, the United Kingdom, and the Netherlands show median daily intakes of 1 to 2 pg international toxicity equivalents (NATO-CCMS) (I-TEQ)/kg body weight (bw).
For Germany, three investigations on the daily dietary intake Figure 1 .
At a total intake of approximately 130 pg I-TEQ/day/person, about one-third originates from milk and milk products, onethird from meat, meat products, and eggs, and one-quarter from fish and fish products. The remaining 10% is distributed among bread and cereals, vegetables, and ready-toserve meals. The total intake/kilogram body weight was calculated at 1.7 pg I-TEQ. These calculations are based on dietary habits of the German population and include analyses of selected food samples. The estimations contain possible uncertainties such as incomplete knowledge of PCDD/PCDF concentrations in special food items and are based in some cases on a small number of analyzed samples.
More reliable data on the actual individual PCDD/PCDF intake via food can be obtained from studies with the socalled duplicate method. Grin et al. (6) performed a duplicate study in an area influenced by emissions from a metal reclamation plant that had been closed for 3 years before the study began.
The persons involved in this studyseven women and seven men-had to collect a second portion of the meals they consumed (so-called duplicates) for analytical purposes. To record different diet habits, the samples were taken on 7 consecutive days in spring, summer, fall, and winter of 1994. The contribution of both the selfproduced foodstuffs and food originating from the contaminated area could not be exactly estimated but was relatively small compared to food amounts originating from the nationwide supply.
The results of this investigation are shown in Figure 2 .
The mean daily PCDD/PCDF intake of the women and men involved for the whole period of the study was calculated at 54 pg I-TEQ/day (range: (7) .
The mean daily dioxin intake in the investigated area amounted to less than 1 pg I-TEQ/kg bw. The intake limit of 1 to 10 pg I-TEQ/kg bw-the aim is 1 pgset by the German Federal Health and Environmental Offices was not exceeded in this study.
Daily Dietary Intake of PCDD/PCDFs for Infants
The studies mentioned above are relevant only for adults. The situation for nursed infants is quite different. Because of the importance of mothers' milk for infants, the contamination of mother's milk is of public concern. In 1984 the first dioxin measurements were reported for Germany. Until now, more than 2000 samples of mother's milk have been analyzed in Germany by different groups. In Table 1 the intake situation of nursed infants is shown by results from Fiirst et al. (8) .
The basis for this calculation is the daily consumption of 800 ml milk with a lipid content of 3%. This would result in a median daily intake of 77 pg I-TEQ/kg body weight for a 5-kg baby. Consequently the average daily PCDD/PCDF intake for a breast-fed baby is approximately 50 times higher than the average daily PCDD/PCDF intake for an adult. (10) showed a good comparability of further isomeres between whole blood and adipose tissue originating from the same persons. The ratios between both matrices are, for most of the congeners, close to 1.
To demonstrate the correlation of PCDDs/PCDFs between human blood and milk ( Figure 3 ) the 1994 data from Fiirst et al. (11) for milk are compared with the data of an age-matched German background group from 1994, studied by Papke et al. (12) . The I-TEQ value for both materials is similar, whereas the hepta (Hp)CDDs/HpCDFs and the octa(O)CDDs/OCDFs are somewhat higher in the blood.
Before reporting on the development of the background contamination in Germany, a typical profile of dioxins and furans in human blood should be discussed. In Figure 4A the concentrations are true to scale. The pattern is dominated by OCDD. To give a better impression of the congeners with lower concentration the axis in Figure 4B (15) (16) (17) .
In Figure 5A all PCDD/PCDF background data-expressed in I-TEQ-are presented for a time span of 10 (11) and whole blood (12) . (12, 14, 17) , and mothers' milk (8, 11, 18 Figure  8A the levels of one of the egg consumersresident 56-are compared with those of an adequate background group (n = 102, sampled mainly in 1989). There are pronounced differences for HpCDD and OCDD as well as PeCDF and hexaCDF (HxCDF) in the blood of a resident of the contaminated area. The relationship between the exposure material and the human data is shown in Figure 8B . The diagram presents concentration profiles in soil, eggs, and chickens. The dioxin pathway can be followed in Figure 8B , leading from the polluted soil via eggs and chickens to the consumer. Different PCDD/PCDF values resulting from varying dietary habits may be expected for vegetarians and nonvegetarians. Figure 9 presents the results of a study by Welge et al. (23) (29) . Flesch-Janys et al. (32) reported on half-life for most of the 17 toxic congeners based on 48 occupationally exposed individuals.
In a number of studies presented in Table 4 , the half-life of TCDD was between 7 and 8 years. For comparison with unknown samples (with potential exposure) we regularly analyze blood from persons with no known exposure other than that resulting from food consumption. With respect to the influence of age on PCDD/PCDF levels, three age groups serve as individual age-dependent reference groups. The I-TEQ mean values for these three groups ranges between 13.1, 16.3, and 19.1 pg/g lipids whereas the mean age of the groups are 26, 37, and 49 years. All PCDD/PCDFs including I-TEQ are represented in Table 5 . Important factors that influence the dioxin levels in mothers' milk are the total length of the nursing period and the number of breast-fed children ( Figure 10 ). As reported by Fiirst et al. (18) , the levels decrease with increasing number of breastfed children and length of nursing period. The mean decrease per nursing week results at about 0.1 pg I-TEQ.
PCDD/PCDF data originating from nursed and nonnursed 11-month-old infants are compared in Figure 11 . As reported by Abraham (28) nearly all congeners, induding the I-TEQ, are found at about 10 to 15 times higher in the nursed infants than in the formula-fed infants.
In connection with the factors mentioned the question arises as to whether there is a difference in the I-TEQ values of men and women. A search of our database for all analyses with respect to background contamination in 1996 produced the results presented in Table 6 . Slightly higher values were found in women and not in men, as could be expected. The difference is not statistically significant. The mean age of the male group is 7 years older than that of the female group. Taking this into account, the "When using the age correction the mean value reduces to 13.2 (7 years, 0.4 pg/year).
Conclusions
A number of conclusions may be drawn * The dominant sources of dioxins in from the study presented here: food are fish, beef, and milk, and corre-* The daily consumption of low-level sponding dietary products. contaminated food leads to the accu-* The daily dioxin intake of breast-fed mulation of PCDDs/PCDFs in human infants is, for the nursing period, adipose tissue.
50-fold higher than in adults.
* High consumption of contaminated food may result in a distinct difference in PCDD/PCDF levels compared to normal consumption habits. * The PCDD/PCDF concentrations based on lipids in human adipose tissue, blood, and milk are very similar. * The PCDD/PCDF background levels in humans, observed in milk and blood, show a distinct decline over an observed period of 10 years. * Despite declining PCDD/PCDF trend, the exposure of babies during the breast-feeding period is still a matter of concern and justifies taking measures to reduce PCDD/PCDF emissions into the environment.
